Most studies of variation in male reproductive tactics have focused on conspicuous categorical di¡erences in mating behaviour (i.e. variation in mating strategies). However, in the presence of trade-o¡s between investment in competition over matings, parental care and survival, a male's optimal allocation rule might vary according to his physiological condition and social or ecological environment. Thus, there may also be more subtle variation in male reproductive tactics. Here, I show that the reproductive e¡ort (estimated as residual change in condition) of male collared £ycatchers was a¡ected by the size of their forehead patch (a secondary sexual character), age and date of arrival at the breeding grounds. Among early males (i.e. males with a high likelihood of both attracting more than one female and obtaining extra-pair copulations), large-patched males made a relatively large reproductive e¡ort and as a result were in worse condition at the time of feeding o¡spring as compared to small-patched males. Furthermore, among early breeders, young males and males with experimentally increased forehead patch size made a relatively high e¡ort. By contrast, regardless of age and badge size, there were no such patterns observed among late breeders. These results suggest that collared £ycatchers use di¡erent reproductive tactics depending on both internal and external factors, and that the size of a secondary sexual trait may not only indicate variation in individual condition but also predict how resources will be allocated between pre-and post-mating reproductive activities.
INTRODUCTION
Most studies of variation in male reproductive tactics have focused on large categorical di¡erences in mating behaviour, such as territoriality versus sneaking, which are often associated with pronounced di¡erences in morphology (e.g. Gross 1996) . By contrast, variation in female reproductive tactics is generally viewed in terms of subtle di¡erences in allocation of resources between current and future reproduction or between number and quality of o¡spring (e.g. Stearns 1992 ). However, in species with biparental and paternal care there may exist trade-o¡s between male investment in competition over matings and in parental care (Williams 1966; Andersson 1982; Partridge & Endler 1987; Gustafsson et al. 1995; Smith 1995; Kokko 1998; QvarnstrÎm & Forsgren 1998) , which can be translated into the classical life-history trade-o¡ between o¡spring number and quality . If the optimal solution to a male's allocation of resources between competition over matings and parental care depends on his current physiological condition as well as his social and ecological environment, male reproductive tactics may, in fact, vary in more subtle ways than generally recognized.
The collared £ycatcher is a sexually dichromatic migratory passerine bird with biparental care. When males arrive at the breeding grounds in early May, individuals possessing relatively large forehead patches enjoy a competitive advantage in territory establishment . Some males try to attract a secondary female by defending additional territories (Gustafsson 1989) , and males with relatively large forehead patch size are more successful in doing so (Gustafsson et al. 1995) . Forehead patch size is a¡ected by a number of components of the nestling environment (Gustafsson et al. 1995; QvarnstrÎm 1999) and by past reproductive e¡ort (Gustafsson et al. 1995) . Males have been shown to face trade-o¡s between their investment in competition over nest sites (signalled by forehead patch size) and in parental care (Gustafsson et al. 1995; .
The aim of this study was to investigate whether variation exists in reproductive tactics among collared £y-catcher males such that di¡erent males allocate resources di¡erently between competition over matings and other costly traits and behaviours. I used residual change in body condition (i.e. weight corrected for size) between the day of arrival at the breeding grounds and the seventh day of feeding young as an estimate of total reproductive e¡ort (i.e. combined e¡ort of male contest competition, female attraction and feeding young). I investigated how two internal factors, namely age and size of a secondary sexual character and an external environmental factor (timing of breeding), might a¡ect this estimate of male reproductive e¡ort. Further, I examined how an experimental enlargement of the secondary sexual character would a¡ect the estimated reproductive e¡ort and whether a relatively high total e¡ort might result from a high level of competition over matings or a high level of male parental care.
METHODS
In 1995 and 1996, male collared £ycatchers were caught on their day of arrival to the breeding grounds, which in this case was a 21ha nest-box area on the southern part of the island of Gotland (598 10' N, 188 20' E), Sweden. All males were measured using standard methods (see Gustafsson 1989; PÌrt & Gustafsson 1989) , provided with unique combinations of colour rings for individual identi¢cation in the ¢eld and assigned randomly to two experimental groups. The ¢rst group had their white forehead patch size enlarged by 4 mm being added to its height, while the second group was used as control group (see QvarnstrÎm 1997). Body condition was de¢ned as the residual from a linear regression of weight on tarsus length (R 0.36, n 100, p 0.002). The use of a linear relationship has previously been justi¢ed by a test of linearity on a much larger sample of collared £ycatchers (n 7490; PÌrt 1990). Most males (85%) were detained 24 h before being released in the same area.
Breeding males and females were caught again when feeding seven-day-old nestlings. All birds including nestlings were weighed (to the nearest 0.5 g) and measured. Male body condition was estimated a second time as the residual from a linear regression of weight on tarsus length (R 0.37, n 45, p 0.01). Feeding rates (i.e. number of feeding visits to the nest) of males and females were measured for two one-hour periods on two consecutive mornings by observers placed 30^35 m from the nest when nestlings were eight to ten days old.
Male residual change in body condition (i.e. the residuals from a linear regression of condition when feeding nestlings on condition at arrival, R 0.37, n 41, p 0.02) was used as an estimate of total reproductive e¡ort (i.e. the combined e¡ort spent in male^male competition, attracting females and feeding of young). A negative residual probably indicates a relatively high e¡ort since female weight loss during the nestling period has previously been shown to be signi¢cantly related to both daily energy expenditure (estimated by the doubly labelled water technique) and feeding rate in this population (PÌrt et al. 1992) . Year was included in all models to control for di¡erences in general breeding conditions between years. When I investigated whether male change in condition mainly re£ected pre-or post-hatching reproductive e¡ort, I also included clutch size in the models to at least partly control for possible di¡erences in female quality and reproductive investment.
RESULTS

(a) Factors a¡ecting male total reproductive e¡ort
The e¡ects of three factors, i.e. age, forehead patch size and timing of breeding, on male reproductive e¡ort (i.e. change in body condition, see } 2) were examined. All these factors have previously been shown to be important determinants of reproductive success in this species (e.g. Gustafsson & PÌrt 1990; Wiggins et al. 1994; Gustafsson et al. 1995; PÌrt & QvarnstÎm 1997; Sheldon & Ellegren 1999) . In addition, the e¡ect of an experimental enlargement of the forehead patch size on male reproductive e¡ort was examined. Such a treatment is expected to incur increased competition at territory establishment, which might result in reduced physical condition. A reduction in parental abilities of males with experimentally increased patch size has previously been demonstrated ).
An ANCOVA revealed that the e¡ects of forehead patch size, experimental treatment and age on estimated 4.684, p 0.05, respectively), while no such patterns were found among late breeders. Numbers refer to sample size. male reproductive e¡ort varied depending on the time in the season (table 1) . Separate analyses restricted to either early or late breeders (early5mean arrival date5late) revealed that among early males there was (i) a strong negative relationship between forehead patch size and residual change in body weight (corrected for size) between the day of arrival and the seventh day of feeding young (¢gure 1); (ii) a signi¢cant e¡ect of male age on weight loss such that young males (yearlings) on average lost more weight than old males (older than or equal to two years; ¢gure 2); and (iii) a signi¢cant e¡ect of treatment such that males with experimentally enlarged forehead patch size lost more weight than control males (¢gure 1). No such patterns were found among late breeders (ANCOVAs: F 1,12 0.112, p 0.74; F 1,12 0.11, p 0.75 and F 1,12 0.01, p 0.92, for the e¡ects of forehead patch size, age and treatment, respectively).
Among early breeders there was a strong negative relationship between male forehead patch size and body condition (i.e. weight corrected for body size) at the time of feeding o¡spring when taking year, age and treatment into account (ANCOVA: F 1,22 9.12, p 0.006, parameter estimate À0:017). Furthermore, young males were on average in worse body condition at the time of feeding o¡spring (n 6, mean À0.373 AE 0.181) as compared to old males (n 21, mean 0.143 AE 0.142) when taking year, treatment and forehead patch size into account (ANCOVA: F 1,22 6.65, p 0.02).
(b) Does male change in condition mainly re£ect pre-or post-hatching reproductive e¡ort?
I used weight of young, £edging success (i.e. number of £edglings produced per egg) and male feeding rate as estimates of male post-hatching reproductive e¡ort. The relationship between the estimate of male total reproductive e¡ort (i.e. change in condition) and weight of young was found to vary signi¢cantly over the season (table 2) , while there were no signi¢cant relationships between total male e¡ort and male feeding frequency or £edging success regardless of time in the season (tables 3 and 4). Separate analyses restricted to either early or late breeders revealed that among late males, total reproductive e¡ort Comparison of mean ( AE s.e.) reproductive e¡ort (estimated as the residual change in body condition between the day of arrival and the seventh day of feeding young) between young (yearling) and old (older than or equal to two years) early breeding collared £ycatcher males. The e¡ect of age on reproductive e¡ort was signi¢cant when taking the e¡ects of year, treatment and forehead patch size into account (ANCOVA: F 1,16 5.610, p 0.03). Numbers refer to sample size. Table 2 . ANCOVA of the e¡ects of year, clutch size, arrival date at the breeding grounds and male total reproductive e¡ort (estimated as the residual change in body condition between the day of arrival and the seventh day of feeding young) on male post-hatching reproductive e¡ort estimated as total weight of the young at an age of 12 days in the collared £ycatcher Table 4 . ANCOVA of the e¡ects of year, clutch size, arrival date at the breeding grounds and male total reproductive e¡ort (estimated as the residual change in body condition between the day of arrival and the seventh day of feeding young) on male post-hatching reproductive e¡ort estimated as male feeding rate (number of feeding visits to the nest per hour) in the collared £ycatcher 
DISCUSSION
To judge from the relationship between male forehead patch size (subject to sexual selection) and residual change in body condition over the breeding season (¢gure 1) early arrived, large-patched collared £ycatchers had higher reproductive e¡ort than small-patched males. Although large-patched males on average arrive in better condition at the breeding grounds and therefore may be able to a¡ord higher reproductive expenditure than small-patched males (QvarnstrÎm 1997), this cannot provide the entire explanation of the pattern observed. This is because there was, in fact, a negative relationship between forehead patch size and male body condition at the time of feeding o¡spring. Large-patched males thus lost disproportionately more body weight over the course of the breeding season, suggesting that male reproductive e¡ort increased with increased size of the secondary sexual character. Since there was no relationship between the estimated total male reproductive e¡ort and male post-hatching e¡ort among early arriving males (but among late males), the relatively high estimate of reproductive e¡ort made by large-patched males probably re£ected increased e¡ort spent in male^male competition and mate attraction. In other words, increased e¡ort by large-patched males seems to result from increased investment in number of young sired rather than increased investment in o¡spring quality. This supposition is strengthened by the fact that males with experimentally enlarged patches had higher reproductive e¡ort than control males. As the honesty of this trait most likely is socially enforced , experimental enlargement is expected to reveal costs resulting from increased e¡ort spent in male^male competition and/or mate attraction.
As well as di¡erences in reproductive e¡ort there are at least two other possible explanations to variation in mass loss: (i) males may di¡er in their starvation risk and therefore store di¡erent amounts of fat (e.g. Ekman & Lilliendahl 1993; Gosler 1996) , or (ii) they may di¡er in their ability to adaptively reduce wing-loading when feeding o¡spring (Freed 1981; Norberg 1981; Cavitt & Thomson 1997) . However, since food is more abundant for collared £ycatchers breeding early in the season (Wiggins et al. 1994) ,`high-risk' individuals should be expected to carry more fat late in the season. By contrast, the relationsip between forehead patch size and change in male condition was found among early breeders. In addition, collared £ycatchers mainly defend the nest site and not food resources (A. Qvarnstro« m, personal observation), suggesting that dominant individuals are not likely to face a lower risk of starvation than subordinates. Thus, the fact that large-patched males lost more weight than small-patched males when breeding early is not likely to re£ect di¡erences in starvation risk. Furthermore, variation in the ability to reduce wing-loading does not explain the strong seasonal e¡ect on the relationship between forehead patch size and male change in condition. The crucial question then becomes: Is there any reason why large-patched males should invest relatively more in competition over matings when breeding early but not when breeding late? A possible explanation is that males in good condition can be expected to invest in competition over matings at the expense of their parental care or survival only when they gain a net ¢tness advantage from doing so (Kokko 1998; QvarnstrÎm & Forsgren 1998) . For example, if male parental care is more important for o¡spring survival later in the season when rearing conditions are relatively poor, this may prevent males from investing too much of their energy reserves before the period during which o¡spring will have to be fed. Indeed, in this population, rearing conditions markedly decline during the course of the breeding season (Wiggins et al. 1994) . Alternatively, the pay-o¡ from investing more in competition over matings is higher early in the season because then the likelihood of attracting additional females and/or obtaining extra-pair copulations is relatively high. In fact, male collared £ycatchers successfully cuckold other males that breed later than themselves (Sheldon & Ellegren 1999) , suggesting that large-patched males stand to gain more from pursuing extra-pair matings when they are breeding early. Since large-patched males produce more`withinpairbond o¡spring' compared with small-patched males only late in the season (QvarnstrÎm 1998) the last explanation is most likely.
Among the early breeders, the estimated reproductive e¡ort was higher in young than in old males. That a relatively higher competitive cost is imposed on young males is consistent with the stronger e¡ect of experimental enlargement of the forehead patch on the parental ability of young males demonstrated previously (QvarnstrÎm 1997). These results suggest that young males may not have perfectly adjusted their forehead patch size or behaviour to their relatively inferior ability to handle aggression from competitors. There are at least two possible explanations of why this may be the case. First, the genetic correlation between forehead patch size and genes determining ¢ghting ability might be weak enough for some males to inherit a patch size that mismatches their ¢ghting ability, and such males might not survive to breed more than once (i.e. only highquality males survive the cost of the trait; Maynard Smith 1976). More speci¢cally, models of honest signalling predict that males with a too-large patch size in respect to their ¢ghting ability will su¡er because they cannot handle increased aggression from superior competitors, while males inheriting a too-small patch size will su¡er because they must ¢ght more to keep their`true' dominance position (e.g. Maynard Smith & Harper 1988; Grafen 1990) . Second, young males may deliberately`cheat' and signal too high a status in order to be able to compete with old males over breeding territories or females. In species with a high mortality rate, such as the collared £ycatcher (where annual mortality rates exceed 50%), such a strategy might in fact have a higher mean lifetime ¢tness pay-o¡ than the safer`delayed plumage maturation', which means that young males retain their subadult plumage for at least a year in order to avoid aggression from older males (e.g. Lyon & Montgomery 1986; Rohwer et al. 1980) .
To conclude, my results illustate how both internal and external factors in concert can a¡ect male reproductive decisions. Therefore, females and potential competitors must sometimes use several cues (here forehead patch size, age and timing of breeding) to predict what reproductive tactic a male is likely to use.
